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Experimental 

Crystal data 

C 2 3H 25 N 4 04P 
M, = 452.44 
Triclinic, PI 
a = 8.3526 (5) A 
b = 11.8150 (5) A 
c = 12.2668 (4) A 
a = 77.184 (3)° 
P = 81.289 (4)° 



Data collection 

Oxford Diffraction Xcalibur Ruby 

Gemini diffractometer 
Absorption correction: multi-scan 

(CrysAlis PRO; Oxford 

Diffraction, 2010) 

T min = 0.941, r mM = 1.000 

Refinement 

R[F 2 > 2a(F 2 )] = 0.035 

wR(F 2 ) = 0.093 

S = 1.05 

4203 reflections 



y = 71.928 (4)° 
V= 1117.70 (9) A 3 
Z = 2 

Cu Ka radiation 
H = 1.41 mm -1 
T = 297 K 

0.24 x 0.14 x 0.05 mm 



8669 measured reflections 
4203 independent reflections 
3779 reflections with 1 > 2a(l) 
R in , = 0.025 



390 parameters 

All H-atom parameters refined 
A/w = 0.21 e A" 3 
APmin = -0.26 e A -3 



The P atom in the title compound, C23H25N4O4P, is in a slightly 
distorted tetrahedral coordination environment and the N 
atoms show sp 2 character. The phosphoryl group and the NH 
unit are syn with respect to each other. In the crystal, pairs of 
intermolecular N— H- ■ O(P) hydrogen bonds form centro- 
symmetric dimers. 

Related literature 

For phosphorus compounds with general formula XP(0)- 
[N(CH 3 )(CH 2 C 6 H 5 )] 2 , see: Gholivand et al. (2005). For bond 
lengths in a related structure, see: Sabbaghi et al. (2010). For 
hydrogen-bond motifs, see: Etter et al. (1990); Bernstein et al. 
(1995). 




Table 1 

Hydrogen-bond geometry (A, °). 



D-H-A 


D — H 


H-A 


D-A 


D-H-A 


N8-H8-02' 


0.85 (2) 


2.07 (2) 


2.909 (2) 


169 (2) 


Symmetry code: (i 


-x+l.-y+l,- 


-z + 1. 







Data collection: CrysAlis PRO (Oxford Diffraction, 2010); cell 
refinement: CrysAlis PRO; data reduction: CrysAlis PRO; 
program(s) used to solve structure: SIR2004 (Burla et at, 2005); 
program(s) used to refine structure: SHELXL97 (Sheldrick, 2008); 
molecular graphics: Mercury (Macrae et al, 2008); software used to 
prepare material for publication: WinGX (Farrugia, 1999). 

Financial support from the Spanish Ministerio de Educa- 
tion y Ciencia (MAT2006-01997, MAT2010-15094 and the 
'Factoria de Cristalizacion' Consolider Ingenio 2010) and 
FEDER funding is acknowledged. 



Supplementary data and figures for this paper are available from the 
IUCr electronic archives (Reference: NG5139). 
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A r ^V-Dibenzyl-A r ^V'-dimethyl-A'"-(4-nitrobenzoyl)phosphoric triamide 

M. Pourayoubi, M. Rostami Chaijan, L. Torre-Fernandez and S. Garcia-Granda 

Comment 

Some phosphoric triamide compounds of the general formula XP(0)[N(CH 3 )(CH 2 C6H 5 )]2 [X = CI, C 6 H 5 C(0)NH & 
CCl3C(0)NH (Gholivand et al, 2005) have been structurally investigated. Here, we report on the synthesis and crystal 
structure of title compound (where X= 4-N0 2 C 6 H 4 C(0)NH). 

The asymmetric unit consists of a single molecule, shown in Fig. 1, of the title compound with no unusual bond- 
ing features. The P=0 and P — N bond lengths are comparable to those in similar compounds like for example in 
P(0)[NHC(0)C 6 H 4 (4-N0 2 )][NHC 6 H 11 ]2 (Sabbaghi et al., 2010). As can be expected, the N8— C26 bond length is shorter 
than the other N — C bonds in the molecule. 

The phosphorus atom has a slightly distorted tetrahedral configuration, the bond angles around the P atom are in the range 
of 103.85 (6)° [N6— PI— N7] to 1 1 8.67 (6)° [02— PI— N7]. The average of surrounding angles around the tertiary nitrogen 
atom N6 (119.7°) shows that it is bonded in an essentially planar geometry; whereas, the environment of N7 is slightly 
deviated from planarity (average of bond angles around N7 atom is equal to 117.3°). Furthermore, the angle C26 — N8 — PI 
is 124.98 (10)°. 

The oxygen atom of P=0 group is a better H-acceptor than that of the C= O counterpart; so, the hydrogen atom of the 

C(0)NHP(0) moiety is involving in an intermolecular -P=0-H — N- hydrogen bond (see Table 1) to form a centrosym- 

2 

metric dimer [graph set: R2 (8) (Etter et al, 1990; Bernstein et al, 1995)]. 
Experimental 

4-NO2 — C6H4C(0)NHP(0)Cl2 was prepared according to the procedure of literature (Sabbaghi et al, 2010). To a solution 
of (2 mmol) 4-N0 2 C 6 H 4 C(0)NHP(0)Cl2 in CH3CN (20 ml), a solution of N-methylbenzyl amine (8 mmol) in CH3CN (5 
ml) was added dropwise at 273 K. After 4 h stirring, the solvent was removed in vacuum. Single crystals were obtained from 
a solution of title compound in C2H5OH after slow evaporation at room temperature. IR (KBr, cm" 1 ): 3141, 2881, 1680, 
1604, 1522, 1452, 1342, 1273, 1186, 1104, 1005, 949, 853, 793, 708. 

Refinement 

At the end of the refinement the highest peak in the electron density was 0.210 e A " 3 , while the deepest hole was -0.260 e 
A " 3 . All H atoms were sucessfully located by difference Fourier synthesis and isotropically refined. 
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Figures 




Fig. 1. An ORTEP style plot of title compound with the atom-labeling scheme. Ellipsoids 
are shown at the 50% probability level. H atoms are represented as small spheres of arbitrary 
radii. 



tyN'-Dibenzyl-tyN'-dimethyl-N"- (4-i 

Crystal data 

C23H25N4O4P 
M,- = 452.44 
Triclinic, PI 
Hall symbol: -P 1 
a = 8.3526 (5) A 
b= 11.8150 (5) A 
c= 12.2668 (4) A 
a =77.184 (3)° 
(3 = 81.289(4)° 
y = 71.928(4)° 

V= 1117.70 (9) A 3 



itrobenzoyl)phosphoric triamide 



Z = 2 

P(000) = 476 

D x = 1.344 MgnT 3 

Cu Ka radiation, X= 1.54180 A 

Cell parameters from 5608 reflections 

6 = 3.7-70.5° 

H = 1.41 mnT 1 
J=297K 
Prismatic, colorless 
0.24 x 0.14 x 0.05 mm 



Data collection 



Oxford Diffraction Xcalibur Ruby Gemini 
diffractometer 

Radiation source: Enhance (Cu) X-ray Source 
graphite 

Detector resolution: 10.2673 pixels mm" 1 
co scans 

Absorption correction: multi-scan 
(CrysAlis PRO; Oxford Diffraction, 2010) 

r min = 0.941, r max = 1.000 

8669 measured reflections 



4203 independent reflections 

3779 reflections with / > 2a(7) 
Pint = 0.025 

9max = 70.6°, 9 m j n = 3.7° 
A = -10— »10 

Jt = -12-»14 

/ = -14->14 



Refinement 

Refinement on F 2 Secondary atom site location: difference Fourier map 

. . „ „ Hydrogen site location: inferred from neighbouring 

Least-squares matrix: full . 

sites 

R[F 2 > 2a(F 2 )] = 0.035 All H-atom parameters refined 

w = 1/[0 2 (F- O 2 ) + (0.049P) 2 + 0.1381P] 
wR(F 2 ) = 0.093 , 2 

where P = (F 0 2 + 2F 2 )/3 

5=1.05 (A/a) n 
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4203 reflections Ap max = 0.2 1 e A 3 

390 parameters Ap min = -0.26 e A~ 3 

Extinction correction: SHELXL, 
0 restraints * , , , 

Fc =kFc[l+0.001xFcV/sin(2e)]"' 

Primary atom site location: structure-invariant direct _ ,. . . . ... 

. : Extinction coefficient: 0.0073 (5) 

methods 



Special details 

Geometry. All e.s.d.'s (except the e.s.d. in the dihedral angle between two l.s. planes) are estimated using the full covariance mat- 
rix. The cell e.s.d.'s are taken into account individually in the estimation of e.s.d.'s in distances, angles and torsion angles; correlations 
between e.s.d.'s in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of 
cell e.s.d.'s is used for estimating e.s.d.'s involving l.s. planes. 

Refinement. Refinement of F 2 against ALL reflections. The weighted i?-factor wR and goodness of fit S are based on F 2 , convention- 
al i?-factors R are based on F, with F set to zero for negative F 2 . The threshold expression of F 2 > ciF 2 ) is used only for calculating R- 

factors(gt) etc. and is not relevant to the choice of reflections for refinement. i?-factors based on F 2 are statistically about twice as large 
as those based on F, and R- factors based on ALL data will be even larger. 



Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters 





X 


y 


z 




PI 


0.37947 (4) 


0.43216 (3) 


0.68154 (3) 


0.03514 ( 


02 


0.39241 (13) 


0.55008 (8) 


0.61457 (8) 


0.0441 (2 


03 


0.40102 (16) 


0.16957 (10) 


0.70306 (10) 


0.0570 (3 


04 


1.0449 (2) 


-0.09851 (14) 


0.30155 (13) 


0.0866 (5 


05 


0.9874 (2) 


-0.24087 (12) 


0.42737 (14) 


0.0867 (5 


N6 


0.18214(15) 


0.43519 (10) 


0.71762 (10) 


0.0422 (3 


N7 


0.46802 (15) 


0.38121 (10) 


0.80040 (10) 


0.0415 (3 


N8 


0.48310 (16) 


0.32916 (10) 


0.59984 (10) 


0.0404 (3 


N9 


0.9666 (2) 


-0.13399 (13) 


0.38622 (13) 


0.0594 (4 


C10 


-0.08796 (18) 


0.59948 (13) 


0.70707 (13) 


0.0455 (3 


Cll 


-0.2562 (2) 


0.61378 (15) 


0.69736 (16) 


0.0559 (4 


C12 


-0.3838 (2) 


0.69259 (18) 


0.7548 (2) 


0.0693 (6 


C13 


-0.3441 (3) 


0.75656 (19) 


0.82172 (19) 


0.0718(6 


C14 


-0.1776 (3) 


0.7439 (2) 


0.8315 (2) 


0.0717 (5 


C15 


-0.0499 (2) 


0.66649 (16) 


0.77376 (17) 


0.0587 (4 


C16 


0.0512(2) 


0.51473 (15) 


0.64516 (14) 


0.0494 (4 


C17 


0.1226 (2) 


0.34870 (15) 


0.80655 (16) 


0.0537 (4 


C18 


0.3946 (3) 


0.44794 (17) 


0.89219 (14) 


0.0563 (4 


C19 


0.6514(2) 


0.32321 (15) 


0.80428 (14) 


0.0484 (3 


C20 


0.69385 (18) 


0.22357 (14) 


0.90560 (12) 


0.0451 (3 


C21 


0.7774 (2) 


0.2365 (2) 


0.98905 (15) 


0.0615 (4 


C22 


0.8215 (3) 


0.1426 (3) 


1.08008 (17) 


0.0796 (6 


C23 


0.7830 (3) 


0.0367 (2) 


1.08917 (18) 


0.0742 (6 


C24 


0.7001 (3) 


0.02349 (18) 


1.00715 (18) 


0.0697 (5 


C25 


0.6558 (3) 


0.11582 (16) 


0.91598 (16) 


0.0592 (4 


C26 


0.48804 (18) 


0.20940 (12) 


0.62439 (11) 


0.0402 (3 
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0.95 (2) 
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1.6319(13) 
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Hydrogen-bond geometry (A, °) 

D—H-A D — H R-A D-A D—R-A 

N8— H8-02 1 0.85 (2) 2.07 (2) 2.909 (2) 169 (2) 
Symmetry codes: (i) -x+\, -y+\, -z+1. 
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